IntrOduCtIOn
This chapter describes the marine species whose continued presence in the western Indian Ocean (WIO) is considered threatened. Decades ago it would have been inconceivable for most people to consider marine creatures becoming scarce or even going extinct. The vastness of the oceans compared to the seemingly tiny footprint of human activities should surely preclude species disappearing.
Unfortunately, things have changed dramatically. Humans all but exterminated the last blue whales over one hundred years ago. In recent history, numerous terrestrial mammals, birds, snakes and frogs can no longer survive in the wild in large enough populations to ensure their continued existence on Earth (eg Myers and others, 2000, Brooks and others, 2006) .
Threatened species are those considered Critically
Endangered, Endangered or Vulnerable (Figure 10 .1). In these categories, the best available evidence indicates that a taxon is facing a high to extremely high risk of extinction in the wild. Criteria that result in taxa being categorised as threatened relate to the reduction in size of their populations, their geographic range, existing population sizes, and the probability of their extinction in the wild over a given time period (see IUCN Red List).
The total number of species in the WIO region is not precisely known, but the estimated range is between 11 000 and 20 000 or more (eg Griffiths 2005) , with estimates varying depending on the water depth and organism size, mindful that invertebrate fauna in most deep sea environments are the least known. Determining which of these species are threatened was achieved by scrutinizing there around 800 marine species (and/or sub-populations) on the Red List that are categorised as threatened. Since we know considerably more about the diversity of life on land than in the sea (eg Pimm and others, 1995) , and even less about threats to marine life (especially in the deep sea), this figure is considered conservative. It should also be noted that, while the trend in general is unfortunately for species to move up the threat ladder, for example, from Near Threatened to Extinct in the Wild, there are exceptions whereby species that were Vulnerable have dropped to one of Least Concern because numbers or populations have increased and threats have reduced.
VulnerAble Or tHreAtened mArIne sPeCIes In tHe Western IndIAn OCeAn
The marine portion of the Red List was checked for those species occurring in the WIO region at least for part of their lives. There are 161 species (including two subpopulations) listed as threatened (Table 10 .1). The great majority of these, 126 species, are listed as Vulnerable (VU), with 27 considered Endangered (EN) and eight species listed as
Critically Endangered (CE; a ray, three sharks, two fish and two marine turtle species). Near Threatened, Least Concern and those listed as Data Deficient (see Figure 10 .1) are excluded here, though these include many species that are now far less common in the WIO than they once were, and that may end up higher up the list in future. The full list of threatened marine species in the WIO is presented in Appendix 10.1.
As stated on the IUCN Red List website, the "Categories and Criteria are intended to be an easily and widely understood system for classifying species at high risk of global extinction. The general aim of the system is to provide an explicit, objective framework for the classification of the broadest range of species according to their extinction risk. However, while the Red List may focus attention on those taxa at the highest risk, it is not the sole means of setting priorities for conservation measures for their protection."
In the descriptions that follow, species are mainly listed in the three highest categories of the Red List, with the top two categories, EN and CE, the most critical (see Table   10 . 
Threatened marine species

2000)
, also known as the Nairobi Convention.
The main threats currently applicable to each species or group of species are categorised under seven themes (eg overharvest, habitat destruction, limited reproductive output/slow recovery, limited geographical distribution/endemicity, restricted depth range, susceptibility to climate change and disease and increased predation due to habitat degradation (eg crown-of-thorn starfish on coral). These are included in the full list of the threatened WIO marine species (Appendix 10.1).
seAgrAsses
Of the twelve species of seagrass widely found in the WIO region (Bandeira 2011) only Zostera capensis is listed as Vulnerable. It occurs exclusively in the WIO with a small portion in the southeast Atlantic, on sand in shallow waters.
Extending from the southern Angola coast, through parts of South Africa (especially northern KwaZulu-Natal) and north to Kenya, it occupies less than 2 000 km² and is absent from the smaller islands states (Short and others, (Short and others, 2010) .
HArd COrAls
Globally, most hard coral species (Scleractinia) are considered Vulnerable, primarily due to overall habitat degradation which is used as a proxy for population decline. Within the WIO region, of the approximate 200 recorded species (Schleyer 2011) , eight species are Endangered (Table   10 .2). The driving forces behind their threatened status are several, and include population growth that leads to increased coastal development, the changes listed for sea- 
gAstrOPOd mOllusCs
The WIO region is home to over 3 200 shelled marine molluscs, including 2 500 gastropods plus 700 species of bivalve, oysters, clams and mussels (Richmond and Rabesandratana 2011) . (Human 2008) . Reduced fishing in that region on juvenile bigeye and other species has, unfortunately, been offset by the longline fleet (mainly Taiwanese and Japanese vessels) moving to the south and east, and consequently increasing the pressure on albacore tuna (IOTC-SC17 2014).
Threatened marine species
According to recent IOTC assessments, the stock status of black marlin in the Indian Ocean is that it is not overfished but subject to overfishing; the status for blue marlin was changed from that reported in 2013 and it is now determined to be overfished but not subject to overfishing; striped marlin are considered overfished and subject to overfishing (IOTC-SC17 2014).
Driving forces affecting endangered reef and bottomassociated fish species are the same as for rays and sharks:
the need for seafood by WIO consumers and income from seafood to supply expanding local coastal populations.
Driving forces affecting threatened tuna and some billfish species have roots further afield, with foreign fishing fleets targeting these high-value commercial species for export to includes only a small number of mature individuals (estimated 148 adult males and females) with evidence of a low but continuing decline (Nel and others, 2013) . These are the main arguments for its Critically Endangered listing.
This abundance trend for leatherbacks contrasts with the increasing trend and greater abundance of loggerheads that nest along the same coastline, but drivers of these divergent patterns are unclear at present (Nel and others, 2013) . The SW Indian Ocean population is one of six in the IOSEA region, nesting coinciding with beaches used by leatherbacks, principally in the southern Mozambique-northern KwaZulu-Natal area (Hamann and others, 2013) . There is also nesting in the southern and southwestern parts of Madagascar (Baldwin and others, 2003) .
Recent research has revealed that immature loggerheads are found in high density in the SWIO pelagic area, most of them probably originating from the stock from Oman (see Dalleau and others, 2014) . This species is highly sensitive to the longline fishery, the most important fishery in the southwest Indian Ocean (Lewison and others, 2004) . 
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Coastal development is taking place at unprecedented rates around many large coastal cities in the WIO and its (Table 10. 3).
One relevant factor is that, compared to other oceanic regions, the WIO is fringed mainly by developing countries, where marine life constitutes a vital source of subsistence (mainly as food). The challenge is to conserve threatened species while guaranteeing human survival. This is an important issue that must be addressed in the region: marine biodiversity is not only "food" or "money for food", but it can also be a source of revenue through its protection for ecotourism. A few successful communitydriven marine resource management ventures are emerging (eg Itsamia, Comoros) but many more are needed to stem the rise in driving forces.
CAPACIty And need tO PrOteCt tHreAtened sPeCIes In tHe WIO regIOn
Local capacity to implement measures to safeguard threatened marine environments (in some cases the environment in general) are severely lacking in some countries in the WIO. The best equipped in terms of personnel capacity, legislative framework, equipment and enforcement are Sey-
Major taxa (and number of species) State indicators Impact indicators
Seagrass (1) Area covered (km 2 ); shoot density. Loss in area coverage and density.
Hard corals (84) Coral reef condition: includes water condition, species diversity, hard coral cover (%).
Reduction in percentage of live cover, diversity indices, water condition.
Gastropod molluscs (2)
Standing stock, indices being by-catch and shell availability/price in the shell trade.
Fewer individuals caught per unit fishing effort, higher price and lower volumes traded.
Holothurians (10) Standing stock derived from field surveys; fisher/fishery surveys; export volumes, prices; species composition and specimen size.
Lower standing stock and export volumes, increase in less valuable species, smaller sizes and higher prices.
Rays (14)
Standing stock derived from field surveys, fisher/fishery surveys. Reduced standing stock, landings, smaller sizes, higher prices.
Sharks (27) Standing stock derived from field surveys, fisher/fishery surveys; dried fin export volumes.
Reduced standing stock, landed and fin export volumes, higher prices.
Fish (13) Standing stock derived from field surveys, fisher/fishery surveys (eg sea fisheries observer programme).
Reduced standing stock, higher prices, lower volumes landed.
Turtles (5) Standing stock derived from field (beach nesting activity) surveys, fisher/fishery surveys (eg sea turtle observer programme); surveys of foraging grounds.
Reduction in standing stock and length, condition of nest sites, degraded foraging grounds.
Mammals (5)
Standing stock derived from field surveys (whale watching), fisher/fishery surveys. Reduction in standing stock. 
COnClusIOns And reCOmmendAtIOns
The management of threatened species faces many challenges in the WIO, yet it must be done. Responses to the threats facing the 161 species already considered threatened need to be developed with urgency and their implementation coordinated throughout the national territories of WIO countries. The main challenges will be to meet the increasing demand for biological resources caused by population growth and increased consumption, in the short-term, while always considering the long-term consequences and trends.
Failure to achieve these objectives will witness a continued decline in the situation that that will certainly be reflected in a longer list of threatened species by 2050, with a greater number higher up the threat ladder, and a greater portion of degraded coastal habitats.
Developing response indicators to prevent, compensate, mitigate or adapt to changes recorded by impact indicators (as well as responding to state and pressure indicators) is often complex and demanding. The surest means to address the primary driving forces, viz growth in human populationrelated pressures, will be to educate populations and provide the means to reduce population growth. While recognizing that this is a slow and longer-term goal, it is a challenge that has been avoided for too long and the time to act is now.
Effective action will require considerable effort, dedication and patience. Nine broad recommendations are outlined below to address most of the pressures indicators, some of which can be developed into legislation or other instruments that represent responses.
reCOmmendAtIOns
Raised awareness
This is needed at all levels of society, from marine resource harvesters (fishers, seaweed farmers, mangrove cutters, dive-boat operators, international coastal hotel managers), through local and regional governance structures, to senior management and institutions. The focus needs to be on providing information on threatened species, biodiversity
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and the need for sustainable marine resource management, based on sound science (including reliable data). Implementation needs to be integrated across all sectors and stakeholders, following the ecosystem approach and involving local communities. Training and capacity building are also needed, particularly to increase the number and quality of students to generate national experts on threatened species and create a dynamic within each country to follow up on their status.
Increased funding for marine resource management
The costs of protecting marine areas, species or communities can far exceed the income they generate and, consequently, they are often ignored and not financed sustainably, especially in the short-term. Increased support for MPAs is needed, where necessary using novel technologies. Research findings warrant responses, especially where threatened marine species are involved.
WIO Threatened Species Task Force
Small units of specialist are needed to visit WIO countries, under the umbrella of a regional mandate, to identify "national" Red Lists on marine species with certainty and strengthen actions for their protection. This could involve a review of the data capture and management instruments related to the threatened species, introduce the DPSIR approach and generally assist overcome impediments to their protection and improve its effectiveness. For species where such a regional task force exists, links to global organizations that deal with that species need to be strengthened.
National integration and cross-sectoral cooperation
Coordination within governments, and between governments and stakeholders needs to be strengthened on all marine issues, aiming for fully integrated coastal zone management (ICZM) with thourough environmental and social impact assessments (ESIAs). 
Strengthened regional integration and coherence
Alternative livelihoods
Alternative income generating activities for fishers and coastal communities need to be developed and promoted.
Regional successes and the latest technology need to be shared; ecotourism is an example which delivers results.
Alternative food sources/equivalents
Alternative food sources need development for coastal populations, as well as value-adding for existing harvests.
Regional successes and the latest technology again need to be shared. This must be done without adding pressure to other species (including commercial species) for which stocks are not in good shape, hence avoiding transfer of effort from one threatened species to another.
Monitoring the harvest of threatened species
Adequate monitoring of marine resource use is needed, especially of threatened species, using improve methods where necessary, once again sharing regional successes and the latest technology.
Targeted research
Research on threatened species needs promotion and support to identify research priorities, investigate their distribution, ecology, dispersal and connectivity, migration, population structure and breeding. Also important are fisheries by-catch and habitat biodiversity. Over the last ten years, increased scarcity of sought-after bêche-de-mer species has encouraged research that has led to successful breeding of some to a size where they can be introduced to the natural environment (ranching or re-stocking). There are now ongoing projects to artificially breed and culture sea cucumbers (eg Holuthuria scabra) at various locations in the tropics, including the WIO, some in cooperation with private companies. Though mortality of cultured juveniles is high, once they reach 20 g and are placed in the wild, the survival rate is very good. Studies reveal that it can take six months for juveniles to reach 250 g, the desired weight for the export market. Farming or ranching sea cucumbers is expected to be profitable and environmentally friendly, providing a livelihood for coastal communities in the WIO and many tropical areas. 
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APPendIx 10.1 Thelenota ananas E A2bd ver 3.1 IWP e (high value; declined 80-90% in > 50% of range), g Notes on threat codes: a) overall species habitat degradation, used as a proxy for population decline; c) narrow depth range; e) overharvested (for food); f) restricted geographic range; g) low fecundity; h) rare; i) by-catch. Abbreviations: Indo-West Pacific region -IWP; Indo-Pacific region -IP; Western Indian Ocean -WIO. Notes on threat codes: a) overall species habitat degradation, used as a proxy for population decline; c) narrow depth range; e) over-harvested (for food); f) restricted geographic range; g) low fecundity; h) rare; i) by-catch. Abbreviations: Indo-West Pacific region -I-WP. 
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